Introduction
Today there have been increasing regional and national concerns over quality issues regarding inorganic anions for rivers, lakes, and seawater as well as field soils. These concerns occur for many reasons. Firstly, many of the river basins are areas of intensive farming and there are issues of nutrient pollution from agriculture to aquifer sources and stream runoff and the changing patterns of agriculture and fertilizer usage. Secondly, problems have been encountered with nutrient inputs from sewage sources and these problems are being exacerbated by an increasing population density. 1 Principal sources of contamination are industrial wastes, municipal landfills, agricultural chemicals, leaks from petroleum pipelines and storage tanks, animal wastes, saltwater intrusion and irrigation return flow. 2 These levels of inorganic anions could contaminate the ground water as well as the sources of drinking water. Therefore, the correlation between contamination levels of inorganic anions and their potential sources would lead us to identify the principal source of the anion contaminants, and suggest some ways to prevent their flows from the environments.
The nitrogen, phosphorus and sulfur cycles are of particular significance to a number of biological and non-biological processes in the environment. 4 Natural and anthropogenic effects can cause localized inter-related changes to the cycles. For example, nitrite is produced during the biodegradation of organic substances containing nitrogen, and the reaction of nitrite with secondary amines affords carcinogenic nitrosoamino compounds. 3 In order to assess the impact and extent of the changes, it is essential to develop analytical methods which allow the simultaneous determination of two or all of the constituents in a wide variety of environmental samples. Although a wide variety of methods have been proposed for determination of anions in natural waters, few are rapid, sensitive, precise and relatively free of interferences, since most employ lengthy procedures. Traditional methods used for the determination of anions in environmental samples are spectrophotometric methods [5] [6] [7] or electrochemical methods. [8] [9] [10] Ion chromatography (IC) is becoming more and more popular for the analysis of environmental samples [11] [12] [13] [14] [15] [16] and because of its high accuracy and reliability, chemically suppressed IC has recently been recognized by the US EPA as the method of choice for the determination of anions in natural waters.
In this research the major inorganic anions (chloride, fluoride, nitrite, nitrate, sulfate and phosphate) in the environmental samples of Korea were determined by IC, and their contamination levels and sources are discussed.
Experimental

Sampling and pretreatment
The water samples were obtained at 43 sites of river, lake and sewage disposal, and the soil samples were obtained at 23 sites of paddy field, park, road, etc. Samplings were performed during 3 months of August through October, 1999 after the rainy spell of summer. An even, real distribution of the sampling positions has been aimed at for the sampling sites shown in Fig. 1 . Each sample was taken in a 300 ml reagent glass bottle and then stored at a low temperature 4˚C immediately after collection. The pH values of water samples were neutral to moderately alkaline. Weight of soils was corrected for water contents. Water samples were measured directly with no pretreatment other than filtration through a 0.45 µm membrane filter but soil samples had to be extracted before injection. Twenty grams of soil were sonificated with 100 mL deionized water for 30 min and then filtered by a 0.45 µm (PVDF) syringe filter.
Reagents
Deionized ultra-pure distilled water with a minimum conductivity of 15 MΩ cm was used to make the extraction solvent of soil, eluent, regenerant and standards, and this deionized ultra-pure distilled water was produced by a Millipore Milli-Q reagent water system. Sodium carbonate (Kanto, Tokyo, Japan) and sodium bicarbonate (Kanto, Tokyo, Japan) of reagent-grade were used as the eluents. 
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Instrumentation and experimental conditions
All chromatography was performed using a DX-300 Dionex (Sunnyvale, CA, USA) ion chromatography with a 50 µl sample loop. The system components consisted of one anion HPIC AG-4A guard column (50 × 4 mm) and IonPac AS4A-SC (Dionex, Sunnyvale, CA, USA ) separator column (25 mm) used for the simultaneous separation of anions, an anion selfregenerating suppressor (ASRS-II), a pulsed electrochemical detector (PED-2) for conductivity detection of 10 µs full scale, and an advanced gradient pump (AGP-1). The regenerant was delivered to the ASRS-II by plumbing the "B" valve in conjunction with a helium pressurized 4-1 container. The eluents were delivered to the columns by a Dionex eluent degas module (EDM-2). Each eluent was prepared by mixing 1.8 mM Na2CO3 and 1.7 mM NaHCO3 and was isocratically flowed at 2 mL/min rate. The ion chromatographic parameters were summarized in Table 1 .
Results and Discussion
Calibration, detection limit and reproducibility
Calibration curves covering the concentration range from 3 to 5 mg/L of each assayed anion in water were obtained, and the linear relationships between peak area and concentration were experimentally verified. Calibration data for quantitative analysis of anion have been summarized in Table 2 . Linearity of each calibration curve is represented as R (correlation coefficient), which is larger than 0.99 for all analytes within the 3 -5 mg/L range. A detection limit (DL) based on standard deviation of response and slope was applied in this study, and can be expressed as DL = 3σ/S, where σ presents residual deviation of the response, and S presents the slope of the calibration curve. It ranged within 0.05 to 0.1 mg/L and the quantitation limit ranged within 0.2 to 0.7 mg/L. Reproducibility was represented as RSD (relative standard deviation, %), which was 1.0 -3.2% as shown in Table 2 . We confirmed no peaks at blank and separated seven peaks (fluoride, chloride, bromide, nitrite, nitrate, phosphate, sulfate) for a standard chromatogram (not shown).
Environmental water analysis
Water samples were obtained at 43 sites nation-wide of rivers, lakes and sewage disposal plants in Korea, and their anion levels are displayed in Table 3 . When the ratio is less than one, high chloride concentration is evaluated to be due to the intrusion of seawater. The ratios for seven water samples (15, 25, 26 and 36 -39 sites) were below 1.0, and their sites are located close to the coastal line. Therefore, their high chloride ion levels seems to be due to the seasalt.
The increase in the concentrations of phosphorus, nitrogen, and other plant nutrients in an aging aquatic ecosystem such as a lake can cause eutrophication. Nitrite is produced during the biodegradation of organic substances containing nitrogen (ammonium), and the oxidation of nitrite produces nitrate. In the case that the nitrate ion level is higher than that for nitrite ions in an environmental sample, it means that nitrogen containing organic material was input to environment a long time ago. Nitrate ion concentrations of all samples except the river water sample at site 35 are higher than that of nitrite ion. The water sample of site 35 where we smelt an unpleasant odor is thought to be contaminated recently. As shown in Table 3 
mg/L).
The Han river and its tributaries play the important role as a drinking water source for a million Seoul citizens, and it is critical to monitor the anion contamination levels in those area. Nitrate concentration levels were measured at 10 sites of the Han river and its tributaries to figure out the contour map for nitrate contamination level. This map was drawn using a computer modeling program, SURFER (Goldensoftware Inc., Golden, CO, USA) using nitrate ion levels of 9 sites. The map is shown in Fig. 2 . The nitrate ion levels are becoming higher as one gets close to Seoul metropolitan area, in comparison to those in the upstream of the Han river, which indicates that the sewage water of Kuri and Namyangju cities close to Seoul seems not to be cleaned properly in their sewage disposal plant.
Environmental soil analysis
Soil samples were obtained at 23 sites nation-wide of field, paddy field, road, park, school, etc., in Korea and their anion levels were displayed in Table 4 . Three soil samples of 3, 5 and 17 sites were found to be contaminated with a lot of nitrate (31, 67, 24 mg/L) and phosphate (53, 36, 26 mg/L) ions. We would not need to be concerned about the anion levels of other sites.
Environmental implications
Fluoride anion is not detected in most of the water samples whereas in almost all soil samples this anion is found to exist as expected by the fact that soil includes some amount of fluoride anions. Average chloride and sulfate anion levels of water samples are much higher than those of soil sample, which seems to be due to the intrusion of seawater in the coastal line. Average nitrate and phosphate anion levels in environmental soil samples are higher than those in environmental water samples, and this would be due to the use of fertilizer in paddy fields.
Conclusions
Six inorganic anions (F -, Cl -, NO2 -, NO3 -, PO4 3-and SO4 2-) contamination level of environmental samples in Korea has been investigated using chemically suppressed single column ion chromatography with conductometric detection.
Although the anion contamination levels of environmental samples are not severe in terms of mandatory Korea Drinking 345 ANALYTICAL SCIENCES MARCH 2002, VOL. 18 Water Norms, it is valuable to make anion contamination map of Korea in the pursuit of origins of contamination (i.e., the more strict control of sewage disposal plants, stalls and intrusion of seawater). The number of sites may not be enough to evaluate the measure of anion contamination level over the nation-wide environment, but this work could be the first meaningful step in monitoring inorganic anion contamination levels in Korea.
